defined for x ∈ Ω. From each (x, 0) with x ∈ Ω a light ray emanates with direction e(x). We are given a surface σ 1 that is C 2 and a unit direction e 1 . The problem considered is the design of a lens as follows. The lower face of the lens, i.e., the closest one to the source Ω, is given by a graph σ 1 = {(z, u(z)), z ∈ Ω }, with Ω ⊂ R 2 and u > 0 and C 2 . A ray emanating from the point x ∈ Ω with unit direction e(x) strikes σ 1 at a point P(x) = (z, u(z)) with z = z(x), and we assume that this point is unique. The question is to find a second surface σ 2 , which will be the top of the lens, so that all rays emanating from Ω are refracted by the lens into rays having an arbitrarily given fixed unit direction e 1 . We assume that the space below the surface σ 1 is filled with a material with refractive index n 1 , the space between σ 1 and the unknown surface σ 2 is made of a material with refractive index n 2 , and the space above the unknown surface σ 2 has refractive index n 3 . We assume that n 2 is bigger than both n 1 and n 3 , but n 1 and n 3 are unrelated.
Under assumptions on e(x), and σ 1 , we prove the existence of such a lens showing that the desired solution can be given in an explicit form in terms of σ 1 , the field e(x), and the direction e 1 .
We apply this construction to the following imaging problem: Let Ω and Ω * be domains in R 2 , and let T : Ω → Ω * be a C 1 map. We want to design two surfaces σ 1 and σ 2 such that the lens sandwiched by them is so that each ray emitted from (x, 0) with x ∈ Ω and with direction e 3 , is refracted by the lens into the point (Tx, a) such that rays leave σ 2 with the direction e 1 . The solution of this problem leads to solve a system of first order nonlinear equations. This is joint work with Ahmad Sabra.
